INTRODUCTION {#sec1-1}
============

The success ratio of root canal treatment is reportedly around 90% for pulpectomy and approximately 80% for infected root canal.\[[@ref1]--[@ref5]\]

However, success ratios display large fluctuations according to periapical lesion, condition of infection in the root canal, periodontal disease, and pre- or postoperative occlusive condition.\[[@ref6]--[@ref8]\] Some reports have described no difference in results depending on the tooth kind.\[[@ref2]--[@ref5][@ref7][@ref9]\] However, Swartz\[[@ref8]\] reported low success rates for the mandibular first molar. Likewise, Yamaki\[[@ref10]\] and Yamamoto\[[@ref11]\] reported significantly inferior treatment results for the maxillary first molar. The reason for inferior treatment results on the maxillary first molar are the high rates of occurrence of curved canal and advanced curved canal.\[[@ref12]\] Krithkadatta *et al*.\[[@ref13]\] using the cone-beam-computed tomography, reported unusual root canal morphology in the mandibular first molar. While employing the cone-beam-computed tomography, Kottoor *et al*.\[[@ref14]\] found seven root canals in the maxillary first molar. Furthermore, treatment of the secondary mesio-buccal canal (MBII) is often insufficient or overlooked.\[[@ref15][@ref16]\] Research into MBII has mainly examined the rate of occurrence and morphological classifications.\[[@ref17]--[@ref21]\] Weine\[[@ref22]\] defined four types according to the divergence state of the canal in the mesio-buccal root: Type I, single canal from the pulp chamber to the root apex; type II, two canals leaving the chamber and merging to form a single canal short of the root apex; type III, two separate and distinct canals from the pulp chamber to the root apex; and type IV, one canal leaving the chamber and dividing into two separate and distinct canals. However, few reports have examined detection and effective treatment methods.\[[@ref23]--[@ref27]\] Radiographic techniques offer effective, nondestructive examination. The observation by dental radiography does not always agree with that by naked eye or some other anatomical assessments, because the two canals of mesio-buccal root are overlapped in the direction of irradiation.

Computed tomography for dentistry (dental CT) has recently been developed, allowing an anatomical view of the microstructural organization of the tooth and periodontal hard tissues with three-dimensional images.\[[@ref28]--[@ref31]\] Dental CT offers high picture resolution compared with conventional high-speed spiral-type CT, but the imaging range is restricted. Dental CT is thus expected to offer a new diagnostic modality for clinical dentistry. Dental CT is used to examine lesions inside bone, tumors, implants, and tooth transplantation, providing effective imaging information. However, little research has examined the effectiveness of dental CT for root canal treatment.\[[@ref32]\]

The purpose of this study was to identify detection characteristics of the MBII for maxillary first molars according to four test methods: Dental CT; digital dental radiography; magnifier; and the naked eye.

MATERIALS AND METHODS {#sec1-2}
=====================

The root canal systems of 86 extracted human maxillary first molars without root canal treatment were completely inspected using micro-focus computed tomography (micro CT) (MCT100-MFZ; Hitachi Medical, Tokyo, Japan) to accurately assess the number of canals. Two researchers experienced in diagnostic imaging observed that the number of orifices, root canals, and apical foramina of all experimental teeth on micro-CT, using these results as the gold standard. Furthermore, canal systems in mesio-buccal roots were classified as types I-IV using the anatomical classification defined by Weine.\[[@ref18]\] For all samples, radiographs or floors of the pulp chamber were observed by 10 dentists using the four methods after accessing the cavity preparation. Sensitivity, specificity, positive, and negative predictive values and diagnostic accuracy for the four test methods were investigated using the results of micro-CT as the gold standard. Specifically, the four methods comprised dental CT (mean effective does per once: 0.03 mSv.; PSR9000; Asahi Roentgen Industry, Kyoto, Japan); conventional digital dental radiography (mean effective does per once: 0.02 mSv.; DFW-20; Asahi Roentgen Industry, or Denooptix; Dentsply-Sankin, Tokyo, Japan); magnification telescope with 2-times magnification (SurgiTel GL275N; GSC, Michigan, USA); and the naked eye. Imaging conditions for dental CT were dental CT mode; peak voltage, 60 kV; peak current, 2 mA; and radiation time, 20.48 seconds. Conditions for digital dental radiography were peak voltage, 65 kV; peak current, 20 mA; radiation time, 0.1 seconds. The radiation direction was set from the buccal side at right angles to the longitudinal axis of the tooth. With the magnifier or naked eye, orifices of the root canal of all samples were searched using \#08 root canal instruments on the floors of the pulp chambers. Imaging conditions for micro-CT when establishing gold standard results were peak voltage, 65 kV; peak current, 100 μA \[[Figure 1](#F1){ref-type="fig"}\]. The time intervals of observation between conditions for a sample were set up long enough to avoid the examiner\'s preconception \[[Figure 2](#F2){ref-type="fig"}\]. Sensitivity, specificity, positive, and negative predictive values and diagnostic accuracy were calculated from measured values of various observations. Using these results, the χ^2^ test was used to compare analyze differences between the various conditions.

![MBII (arrows) in typical images from the micro-focus-computed tomography (micro CT)](JCD-15-127-g001){#F1}

![(a) MBII (arrows) in typical images with the X-ray-computed tomography for dentistry (dental CT); (b) MBII (arrow) in typical images of digital dental radiography. MBII was not verified on the image of photography from buccal-palatal direction; (c) MBII (arrow) in the image of the floor of the pulp chamber (×3)](JCD-15-127-g002){#F2}

RESULTS {#sec1-3}
=======

As the gold standard, micro CT-revealed MBII (types II, III, or IV) in 52 of 86 teeth (60.5%) in all samples. Anatomical classification showed type I in 34 teeth (39.5%), type II in 13 teeth (15.1%), type III in 24 teeth (27.9%), and type IV in 15 teeth (17.5%) \[[Figure 3](#F3){ref-type="fig"}\]. Dental CT showed 56.4% sensitivity, 76.4% specificity, 78.9% positive predictive value, 47.1% negative predictive value, and 64.2% diagnostic accuracy. These results closely resembled those for the gold standard. Digital dental radiography images showed 13.4% sensitivity, 84.6% specificity, 58.9% positive predictive value, 36.0% negative predictive value, and 40.3% diagnostic accuracy. Magnification telescope observation showed 26.1% sensitivity, 72.0% specificity, 59.3% positive predictive value, 38.5% negative predictive value, and 44.1% diagnostic accuracy. Naked eye observation showed 20.3% sensitivity, 76.0% specificity, 56.8% positive predictive value, 37.9% negative predictive value, and 42.0% diagnostic accuracy \[Figures [4](#F4){ref-type="fig"}--[8](#F8){ref-type="fig"}\]. Dental CT offered superior results compared with the other three methods for all inspection ratios, and significant differences were seen between the results of dental CT and the other three methods (*P*\<0.01). Digital dental radiography was significantly superior to the naked eye in terms of sensitivity, specificity, and positive predictive value, but the naked eye was superior for negative predictive value and diagnostic accuracy in detecting MBII (*P*\<0.01). In this study, no significant differences in observation results were seen between researchers.

![A classification result of the mesio-buccal root canal by the micro-focus-computed tomography (micro CT) inspection *n*=86](JCD-15-127-g003){#F3}

![Sensitivity rate in each observation method as the standard in micro-CT (*n*=86)](JCD-15-127-g004){#F4}

![Specificity rate in each observation method as the standard in micro-CT (*n*=86)](JCD-15-127-g005){#F5}

![Positive predictive value rate in each observation method as the standard in micro-CT (*n*=86)](JCD-15-127-g006){#F6}

![Negative predictive value rate in each observation method as the standard in micro-CT (*n*=86)](JCD-15-127-g007){#F7}

![Diagnostic accuracy rate in each observation method as the standard in micro-CT (*n*=86)](JCD-15-127-g008){#F8}

DISCUSSION {#sec1-4}
==========

Micro-CT as used for setting the gold standard was developed using industrial equipment for the purpose of nondestructive inspection of various materials.\[[@ref18]\] Very clear images can be obtained by irradiation with extremely small doses of radiation to the target. However, clinical application of micro-CT is impossible, as an extended period of radiation is required for imaging. Dental CT uses two kinds of imaging methods. One is the dental CT mode that revolves around the circumference of the subject and photographs the region at 42.7 mm height and 30 mm width. The other method is the panorama mode, in which the X-ray tube rotates five times in a spiral orbit. Furthermore, these images can be reconstructed to form multiplanar reconstructions and three-dimensional images. The radiation dose involved in dental CT investigation is basically comparable with conventional panoramic (mean effective does per once; 0.025 mSv.) radiological investigations. However, depending on the anatomical location and the setting of CT device, the radiation dose exposed to the patient could be kept to a minimum. The cone beam CT, which is a variant of conventional CT, is even more useful in dentistry as its radiation can be restricted only to the anatomical area being investigated. In addition, the radiation dose required by the cone beam CT is only one-fifth of the conventional CT and time needed is as short as 10--15 seconds. As for cone beam CT application, although there are many advantages than risks, it is important to have a clear objective for using this technique and then to define the anatomical area.

SurgeTel is a magnifier that was developed for dentistry, offering superior resolution with a three-layer lens coating, in addition to enlargement power.\[[@ref33]\]

Determining the anatomical condition of the mesio-buccal root of maxillary first molars before root canal treatment is difficult. Weine\[[@ref34]\] and Kulilid *et al*.\[[@ref35]\] reported that the second mesio-buccal canal is located 1-3 mm toward the palatal canal from the larger mesio-buccal canal. However, discovery has been difficult in many cases with searches using thin reamers, since the root canal orifice of MBII is quite small and of variable position. In terms of diagnostic accuracy and negative predictive value, naked eye observation was superior to digital dental radiography. In digital dental radiography, the two root canals of the mesio-buccal root cannot be distinguished in many cases, since these canals overlap with the direction of irradiation. In addition, MBII is a narrow root canal with a small orifice. The detection rate considerably decreased due to the interviewing of maxilla or periodontium in clinical situations. However, the detectability in vague observation is improved by adding an anatomical prediction.

Good diagnostic accuracy was obtained under observation by SergiTel or the naked eye because the orifice of the root canal was searched for using reamers on the basis of anatomical knowledge.

Hess *et al*.\[[@ref36]\] reported MBII in 54% of maxillary first molars, while Seidoberg *et al*.\[[@ref37]\] reported an MBII detection rate of 62% for extracted teeth and 33% in clinical situations. In this study, a detection rate of 60.9% was obtained using micro-CT. The detection rate by the naked eye was 51.4% of a result of micro-CT, which was 30% in all experimental teeth. Although direct comparisons cannot be made to the results of Seidoberg *et al*.,\[[@ref37]\] our results were similar. Detection by magnification telescope or the naked eye is impossible for type IV. In other words the root canal treatment has often been finished without discovery of MBII, including types II and III. Even if MBII is detected, sufficient treatment is often difficult. However, success rate does seem to improve with detailed knowledge of the anatomical features. Radiographic and visual information generally cannot be directly compared, because type IV MBII cannot be absolutely detected by magnification telescope or the naked eye. The existence of type IV has a same adverse effect with MBII when its not discovered. Type IV was thus included in the comparisons in this study.

The present results clearly show that detection rate of MBII is higher for dental CT than for digital dental radiography. Dental CT is very useful for examination and diagnosis in root canal treatment. Few differences in the detection rate of MBII were seen between SurgiTel and the naked eye, although SergiTel was superior in terms of the time required and ease of detection.

CONCLUSION {#sec1-5}
==========

Detectability of MBII in the maxillary first molar was superior using dental-computed tomography compared to digital dental radiography, magnification telescope, and the naked eye.
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